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ABSTRACT
In this study, there are five natural fibers that is kenaf fiber, coconut pulp fiber, 
pineapple leaf fiber, palm oil fiber, and saw dust with two additional hybrid materials 
that is thermoplastic elastomer (TPE) mixed with kenaf fiber, and thermoplastic 
elastomer (TPE) mixed with pineapple leaf fiber, were being tested in term of 
deformation rate of these seven materials after being used to fabricate a knee pad 
prototype The use of these natural fibers as the knee pad materials, are actually a new 
findings, because these natural fiber are low in price, can be easily obtained and has a 
good mechanical properties. With this research, the commercial knee pad sold on the 
market can already be improved in terms of their strength towards the impact force. 
This study focused on fiber strength when the impact force of a ball is hitting on 
knee pad surface. During the drop ball experiment, which is conducted on a force 
plate and using a high speed camera to capture a picture of the ball hitting the knee 
pad, to all of the knee pad made up from the five fibers, with two additional hybrid 
fiber material, the best result is shown by the thermoplastic elastomer (TPE) mixed 
with kenaf fiber, in which it has less deformation compared to the other six materials, 
and this means that it has the high strength to resist the impact force that are hitting 
on it. In addition, in this study, we also concern about the comfort of the football 
athletes that are wearing these knee pad prototype through a survey of from the ten 
football athletes, during kicking the ball.
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ABSTRAK
Dalam kajian ini, terdapat lima serat semulajadi iaitu serat kenaf, serat sabut kelapa, 
serat daun nanas, serat kelapa sawit dan habuk kayu dengan dua bahan hibrid 
tambahan iaitu elastomer termoplastik (TPE) dicampur dengan serat kenaf, dan 
elastomer termoplastik (TPE) bercampur dengan serat daun nanas, akan diuji kadar
kecacatan ketujuh-tujuh bahan selepas digunakan sebagai bahan untuk membuat 
prototaip pad lutut. Penggunaan serat semulajadi sebagai bahan pad lutut, sebenarnya 
adalah satu cubaan baru, kerana serat semula jadi ini adalah rendah dari sudut 
harganya, boleh didapati dengan mudah dan mempunyai sifat-sifat mekanikal yang 
baik. Dengan kajian ini, pad lutut komersial yang dijual di pasaran boleh diperbaiki 
dari segi kekuatannya terhadap daya impak. Kajian ini memberi tumpuan kepada 
kekuatan bahan serat semulajadi apabila daya impak daripada bola terkena pada 
permukaan pad lutut. Semasa eksperimen bola jatuh, yang dijalankan di atas plat 
daya dan menggunakan kamera kelajuan tinggi untuk menangkap gambar bola 
menghentam permukaan pad lutut, kepada semua pad lutut yang terdiri daripada lima 
bahan serat semulajadi, dengan tambahan dua bahan serat hibrid , hasil yang terbaik 
yang ditunjukkan adalah daripada bahan elastomer termoplastik (TPE) dicampur 
dengan serat kenaf, kerana ia mempunyai kadar kecacatan yang kurang berbanding 
dengan enam bahan-bahan yang lain, dan ini bermakna bahawa ia mempunyai 
kekuatant yang tinggi untuk menentang daya impak yang menghentam di atasnya. Di 
samping itu, dalam kajian ini, kami juga mengambil berat terhadap keselesaan atlet 
bola sepak yang memakai prototaip pad lutut ini, dan servey dijalankan kepada 
sepuluh atlet bola sepak dalam keadaan mereka menendang bola.
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1        CHAPTER 1
    INTRODUCTION
1.1 INTRODUCTION
This chapter discussed about what is actually the functions of the knee pad, 
objective and scope of the project. Besides that, it also discussed about the suitable 
sizing of the knee pad, the materials to be used, and also to determine the capability 
of the knee pad to reduce the injury to the user.
1.2 PROJECT BACKGROUND
In the football game, the injuries are always happen to the football player 
during the game kickoff. Most of the injuries happened to the bottom parts of the 
player’s body, that go straight along of the foot, that include knee, ankle, thigh, and 
hamstring. In order to avoid all of this injuries from happening to the foot of the 
football player, the protective equipment must be wear by this player, before playing 
the football.
In the case of the knee injuries of the football player, the protective 
equipment need to be used in order to prevent the injuries from happening to the 
knee of the football player, while they are playing the football. Mostly, the protective 
gear that are often used in order to prevent the knee injuries are the knee pad. The 
knee injury related disease like gonarthitis (S. T. Ma and W. J. Chen, 2007) ( T. B. 
Sutherland,1996) was actually because of the excess and also the repeated load of 
external force causing chronic damage of the inner joint. And in recent year, the 
2development of economy, science and technology was rapidly increased, hence, the 
quality of life and health care were more and more important.
There are actually a lot of kind of the knee pad being used by the football 
players all over the world, in which this knee pads come out with many kinds of 
designs that are fabricated in order to protect the patella part of the player’s knee 
during the football match. Various knee pads developed nowadays, and the sponge, 
fiber, plastic and metal were mostly being used as the main materials in the knee pad 
fabrication. The function of knee pad is actually to ensure the impact resistance and 
joint protection for the knee (X. Tan and X. Chen, 2005).
Thus, in order to make sure that the football player’s knee are not being harm 
to the injuries, the suitable type of the knee pad must be chosen, where it depends 
mostly on the design and the material selection of the knee pad that are going to be 
fabricated, so that, it can reduce the probability and the tendency of the knee injuries 
from happening to the football player’s knee when being tackled, or falling down.
1.3 PROBLEM STATEMENT
Knee pad is one of the protective gears being used in a lot of the sports 
activity that involve the usage of the foot part. Usually the knee pad is used in order 
to reduce the injuries of the athletes who involved in certain sports. The critical parts
of the knee that are usually exposed to injury are the patella, also known as the knee 
cap or kneepan. Patella is actually a thick, circular-triangular bone that articulates 
with the femur in which it will covers and protects the anterior articular surface of 
the knee joint. Thus, by wearing a knee pads the knee injury went away and will not 
return, in addition those who wore the knee pads also have less injury problems
compared to those who are not wearing it (Kragh 1993).
On the other hand, most of the current design of the knee pad still not giving 
a good protection for their user, as the design and material used sometimes does not 
giving an effect. Certain design is too tight for the user to be used, and it sometimes 
can cause the user to be in the uncomfortable condition to move. Besides, the current 
3knee pad nowadays are neglecting the air ventilation part on the knee pad that they 
are designing. This air ventilation part is actually important, because, it is to make 
the skin on the knee part to receive the air and release the sweat easily. Without this 
air ventilation system on the knee pad, it can cause the abrasion to the user, because 
the sweat is trapped inside the knee pad with the friction force of the skin and the 
knee pad inner wall.
Other than that, by wearing a knee pad during the sports activity, it will 
increase the confidence of the player, in the situation of falling to the ground. This is 
because, the user will have a feeling of safe as their knee are protected with the knee 
pad on their knee, and the knee pad is actually becoming the impact resistance and 
joint protection for the knee, but nowadays, the knee cap of the knee pad that are 
made are not strong enough to become the protector to the user’s knee, as the 
material being used sometimes are not suitable enough. Thus it is very important to 
give the full attention on the knee cap part of the knee pad designed, and the suitable 
material must be used.
1.4 OBJECTIVE
In this research, it’s aim is to focus on the injury reduction of the knee from 
the knee pad to be designed. According to the project background and problem 
statements, it is decided that the objectives of the project are:
1. To design and fabricate a knee pad that has a suitable specification to 
be used by the Malaysian football player.
2. To design and fabricate a knee pad using the materials of the natural 
fibers, with the hybrid material of the natural fiber and to test the 
deformation rate of the materials with the impact force that come in 
contact with the knee pad in term of reducing injury to the Malaysian 
football player.
41.5 SCOPE OF STUDY
This project is focusing on the designing and fabrication of the knee pad. This 
focus area is done based on the following aspect:
1. Study about the design of a knee pad in order to find a suitable sizing 
of the knee pad.
2. To identify the best fiber material among the five fiber used in the 
knee pad prototype.
3. To study the withstand of the five kind of natural fiber material with 
two hybrid natural fibers used for the knee pad prototype on the 
impact force acting on it, through the drop ball experiment.
1.6 THESIS OUTLINE
This final year project report is divided into five chapters. In which the 
chapter 1 is the introduction part, chapter 2 is the literature review part, chapter 3 is 
the methodology part, chapter 4 is the result and discussion part, and chapter 5 is 
the conclusion part.
In the chapter 1, it introduces the background of the study, and  in addition, it 
explain a simple important details in this study of design and fabrications of the 
knee pad, and several important information about the knee pad, some others 
factors should be considered, problems statement that is related to the topic study, 
the objectives, scope of the study, the expected results and the report arrangement.
In the chapter 2 it presents the information of the importance of the knee 
pad for the football player, knee pad problems nowadays, material selection, 
designing process, and the comparison of muscle reaction of a person that are 
wearing a knee pad and the person who are not wearing 
5In the chapter 3 includes the all proposed design where the physical 
parameter, consideration, and defect will be considered. This chapter also will 
discuss about the conduction of experiment of the deformation test by using the knee 
pad test rig device towards the knee pad prototype fabricated by using five different 
kinds of natural fibers that is kenaf fiber, pineapple leaf fiber, coconut pulp fiber, 
palm oil fiber and saw dust fiber, in which among this five fibers, the experiment will 
be conducted to test which one is the best fiber to be selected as the best material for 
the knee pad.
In the chapter 4, it begins with the result obtained and discussion about the 
experiment of the drop ball test, where the ball will be drop to the knee pad surface at 
different height on the force plate, and the picture of the ball hitting the knee pad 
surface will be captured with the high speed camera and through this we can 
determine the deformation of each fiber used on the knee pad prototype as the 
materials.
Chapter 5 presents the conclusion being made from experiment in order to 
classify the best fiber material among all of the fiber used and the also the 
recommendations that can be suggested for future benefits.
6CHAPTER 2
  LITERATURE REVIEW
2.1 INTRODUCTION 
This chapter will briefly explain about the importance of knee pad for the 
football player, material used, and method in industries by solving corrosion 
problem. The sources are taking from the journals, and articles and also books. 
Literature review is helping in order to provide important information regarding 
previous research which is related to this project. Those information are important to 
know before can proceed further to analysis and study later.
2.2 THE IMPORTANCE OF KNEE PAD FOR THE FOOTBALL PLAYER
Usually, Knee pads are mostly worn by the athletes who involved in the 
extreme sports that require a lot of the foot movement and where the knee is 
becoming the most important part that plays a role for foot movement in such sports 
being mentioned. In the certain sports like a badminton, volleyball, and tennis, the 
player are required to get ready to hit the ball that comes to them, and with this, most 
of the player will bent their knee position in order to be in a squat-like position 
throughout the game play which is actually in a long periods of time. This can 
actually causes strain and stress on the player's joints and if this condition is often 
happen, the knee of the player can have a serious injury, and maybe there will be a 
lacking in football participations of player (Shephard RJ., 2003), ( Crossman J, 
Quackenbush N, 1994). Thus, in order to reduce this added stress to an athlete, the 
knee pads are worn so that it can give a protection to the important parts of the knee, 
which is actually the patella.
7As we all know, football is the people’s most favorite sport in this world. The 
football fans is not only among the teenagers, but it also becomes the favorite sports 
for the children and the adults. Football tournament is not only being organized in a 
certain country to be played among their citizens, but it is also being organized for 
the world tournament like in the World Cup, and also in the Olympic games. The 
problem here is that, the safety equipment to be used by the athletes are not being 
emphasis by most of the sports organizer (Marshall SW, Anna EW, Randall WD, 
2002), (Chapman P, 1990), (Finch C, 1996).
There are a statements said that by wearing a knee pad can avoid pain and 
injury, (M. Mora, 1996), because in the case of the football game, the football 
players are more exposed to the higher risk of the knee injury, rather than the sports 
like volleyball, badminton, tennis, basketball and others. This is actually because, 
when the football players are in the game play, they will usually involve in the 
tackling incident of the foot that comes from the front and the rear sides, the pulling 
incidents, which cause them to fall to the field during running, wrong landing of the 
foot during jumping, and others, and this is why it can be said that the football 
players are more exposed to the high risk of the knee injury. Even the minor injury 
that would happen to the football player also is like a swollen of the knee part during 
falling to the ground or being tackled by the opponent, and the easiest way to reduce 
it is, by strapping the knee, which it has been recommended for reducing the 
swelling, but this is difficult to be maintained by the player and also this way can 
actually weakens the thigh muscles (Collis and Llewellyn, 1924).
Not only the football player who is running on the field are being harmed of 
the knee injury during the football game, but the goal keeper also are being harm of 
the knee injury, because the goal keeper usually will do a lot of jumping actions in 
order to block or save the ball that are being shoot to them by the opponent player,  
and during their jumping actions, the goal keeper always fall to the ground and if 
they are landing improperly during their jumping, they will fall to the ground also 
improperly, and during this incidents, the knee part of their foot will hit the ground 
which will give a high amount of pressure and stress hit to the knee parts, and can 
cause a major injury if it happens regularly. There is a series of studies that are 
8evaluating the effect of knee joint curve, and was found that the knee joint curve can 
be corrected by using a knee pad (C. M. Powers, F. G. Shellock, T. V. Beering, D. E. 
Garrido, R. M. Goldbach, and T. Molnar, 1999). Thus, some recommendations need 
to be done in order to reduce the injury during a sport like this (Garrick JG, Requa 
RK, 1973), (Albright JP, Saterbak A, Stokes J, 1995).
The major injuries that actually can happen to the football player knee, such 
as bursitis, which is the inflammation of small fluid sacs that cushion and lubricate 
the knee; tendinitis, caused by inflammation of or small tears to tendons; pica 
syndrome, when knee ligaments become thickened or unnaturally folded; 
patellofemoral pain syndrome, indicated by pain in the front of the knee related to the 
kneecap; or tears of the meniscus, the rubbery cushions that protect the knee joints. 
These injuries are serious. Some, such as a torn meniscus, may require surgery which 
will give a burden and a lot of budget to be use by the person who is in charge in this 
sport activity (Miller TR, Lestina DC, Galbrainth MS, 1994), (Malek M, Chang B, 
Gallagher SS, 1991).
Thus, using knee pads is often necessary to offer protection from such impact 
forces. Not only the protection from the impact force, but also the protection from 
biomechanical forces to the knee cap. The muscle and ligament forces go straightly
to the knee cap when a person is in full squat are equal to eight times the body 
weight above the knee (Freeman, 1980). If the football player are wearing a knee 
pads they could kneel instead of squat and this can reduce the force to the knee cap to 
just the body weight alone. Thus, the football player can enjoy or finish the match 
with fewer injuries. Wearing knee pads when engaged in activities that overwork the 
kneecap can reduce the occurrence of minor and also major injuries.
2.3 KNEE PAD PROBLEM NOWADAYS
Even though there is a lot of knee pad being fabricated nowadays in the 
market, but most of them are still have certain problem for the user. Usually the 
problem occur, is the sizing of the knee pad, the materials used in the knee pad, the 
air ventilation system of the knee pad, and the design structure.
9In the case of the knee pad sizing, there are sometimes are not suitable to be 
used for those who are having the small knee size. Mostly the knee pad that are being 
fabricated are usually being imported from the oversea, and mostly the size of the 
knee pad are being followed by using the international size, and this sometimes will 
give an uncomfortableness to the user who did not have a knee size same as the 
international sizing dimension. As we know the sizing of the knee pad is very 
important, because it shows how good the knee pad is giving its strangling grip to the 
user, and if the size are too big, the grip of the knee pad are not so firm, and this will 
cause the user to feel uncomfortable when wearing this knee pad, and the user must 
know that, comfort is one important factor when wearing a knee pad (Michael 
Springer, 2006).
Other than that, the knee cap part of the knee pad usually are not well 
designed, even though this is the most important part of the knee pad structure, 
because the reasons of wearing a knee pad are to protect the patella and the knee 
joint, and without the suitable designed in this important part, the user will not being 
fully protected by the knee pad that they are wearing. Thus the well design must be 
created in the knee pad, mostly to the important part of its structure, as the knee pad 
functions as cushioning which will protect the anterior knee and the patella part
(Paluska SA, McKeag MD, 2000), (Arroll B, Ellis-Pegler E, Edmonds A, Sutcliffe G, 
1997).
On the other hand, the material being used by certain knee pad fabricated 
nowadays sometimes is not suitable enough towards the activity of the athletes. 
Sometimes, the price of the knee pad is expensive just because of its brand name, but 
not actually refers to the material content inside the knee pad. More than, the 
material being used is sometimes are very simple and are of the non effective at all to 
resist the impact force, stress and pressure that exist in certain situation of the user’s 
activity to the knee pad. This will cause the knee pad used by the user become less 
protective for their patella, and the prolonged used of this kind of knee pad can 
actually cause several injuries, that are minor or even major, depends on the type of 
the sports or activities that the users are dealing with. Thus, a suitable material must 
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be selected and used in the knee pad production, in order to reduce the injury and 
giving full protection for the users according to the type of sports that the athletes are 
involved in (Michael Springer, 2006).
For the air ventilation part of the sleeve knee pad, usually we can find that 
most of the knee pad in the market nowadays are not having an air hole on the body 
of the knee pad, and it seems like the designer are neglecting the air ventilation 
system in their knee pad designing process, in order to make the design looks nice 
and attractive for the customer perhaps. In fact, the air ventilation system of the knee 
pad are one of the important part that need to be consider by the designer, because 
this air ventilation system is to make sure the knee skin part of the user can breath, 
and the blood circulation can work properly as there is enough air through the knee 
skin part. Other than that, the air hole of the knee pad is also to prevent the abrasion 
from happening towards the user’s knee, and this abrasion phenomenon may be 
occur because of there is too much sweat that are trapped inside the knee pad that are 
not flowing out the knee pad, and as the user are moving in doing their activities, the 
friction force will be added inside the knee pad that come in contact with the skin, 
and with these two factors that is the sweat and the frictional force, the abrasion can 
occur to the knee of the users, without they realizing it.
2.4 MATERIAL SELECTION
The material selection in the fabrications of the knee pad is very important 
because if the wrong material is being used, the knee pad fabricated, will not show its 
effect even the designed that have been created are good. Thus, the material used 
need to be consider and we must find the characteristics of the materials to be used, 
in order for us to produce an excellent product, and the user must choose the knee 
pad that suits the sports that they involved in, have a great comfort (Michael 
Springer, 2006).
Usually the requirements for impact force resistant materials have the low 
weight, flexibility and physiological comfort in its characteristics. Like the structure 
of the honeycomb it has commercial benefits in high state, where it will give a
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stronger support ability compared to the homogeneous structure in lower costs. More 
than, the thermoplastic polyurethane (TPU) (A. Frick, 2004) has high elasticity and 
low compression strain rate, thus, the thermoplastic polyurethane honeycomb air 
cushion (TPU-HAC) will giving the certain good properties.
In this final year project, there will be the knee pad that has been designed as 
a strapping like, where the front type of the knee pad is fully closed, and the back 
side of the knee pad is fully open for the purpose of the air ventilation part in order to 
avoid the abrasion to the user.
The materials that has been used for this strap type of the knee pad will be 
five different kinds of the natural fibers, which is kenaf fiber, coconut pulp fiber, 
palm oil fiber, pineapple leaf fiber, and also the sawdust. This five different kinds of 
fibers will be used as the materials of each of the knee pad prototype, and will be 
tested each one of it to find the deformation rate for each material tested with the 
knee pad test rig.
2.5 COMPARISON BETWEEN THE PERSON WHO IS WEARING A 
KNEE PAD AND THOSE WHO ARE NOT
Usually in football sports rule, the lower extremity discretionary of the 
protective equipment was defined in lacking use of protective gears that are not 
required by sports rules (Yang JZ, 2004). In certain cases, some of the rules requires
the athletes to use kneepads in football therefore, using such equipment in those
sports was not classified as use of lower extremity discretionary protective 
equipment. It shows that how important is the protective equipment to be used, and 
knee injury cases are seems to be increasing for those who are not wearing a knee 
pads (Schuster M, Israeli A, 1999).
Kneepad use was being confirmed to a reduced the rate of knee injury during 
the activity of both game and practice sessions, with the exception of practice 
injuries among athletes with a history of knee injury (table 2.1 taken from Rate ratio 
for knee or ankle injury according to use of braces or pads ,North Carolina High 
School Athletic Injury Study, 1996–1999). After adjustment for athletes’ 
